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(57) Abstract: An arrangement for providing polarized light to. e.g. a LCD. is disclosed. The arrangement comprises a substrate 
(201) and a top layer (202). The substrate (201) is preferably optically anisotropic and the top layer (202) is either isotro|»c or 
anisotropic. The respective indices of refraction are chosen such that polarization separation occurs at the interface (214) between 
the substrate (201) and the top layer (202). Fuitheimore, the indices of refraction are chosen such that there are no restrictions on 
the angle of incidence ((i) of die incoming light (L), and hence obviatmg the need for colUmation of the incomsng light (L). The top 
l^er (20!2) comprises light ootooapling stractures, Internally or externally. 
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Illumination arrangement 



TECHNIC AL FIELD 

The present invention relates to an illuminaticm arrangement for providing 
polarized U^t to a flat panel display and a display coni^sing such an illumination 
arrangement. 

5 

PRIOR ART 

Flat panel displays of the liquid crj^tal type (i.e. LCDs) are today widely used 
in products of very different charact^ and fields of application. Many applications include 
small portable battery powosd units such as portable telqihones and compute. An 

10 obviously important feature of such applications is tfiat of power consumption, a factor ^ch 
may be decisive for a consumer when selecting between products of different numuf acturos. 

A requiiement for a backlit LCD is ttiat it has to be iUunodnatcd witfi linearly 
polarized liglit in order to function properly. Jn order to obtain polarized li gjit, means for 
polarizing '^ordinary" non-polarized light must be used. This usually entails putting so-called 

IS polarizers in the path of the non*polarized lig^it having die effect of removmg a lar^ part of 
the incoming light Since many of the applications involve portable equipment, battery pow^ 
is required. However efBdent the light sources may be, low power consunqition will always 
be a key consideration. 

Hence, a ^neial problem in the field of the present invention is that ifam is a 

20 lack of efficiency in presoit day illumination arrangements for providing polarized lig^it 

US patent number 5,845,035 discloses an illumination system for a flat panel 
picture display device. The system disclosed comprises a lig^t wave-guide consisting of two 
layers, one layer which is optically anisotropic having indices of lefiraction no and n^, and a 
second layor which is optically isotropic having an index of refraction ni. 

25 It can be shown that the polarization separation in the configuration of US 

patent number 5,845,035 only occurs under limited conditions and only for limited ranges of 
the angle of incidence 6 of the incoming light, the angle of incidence 6 being the angle 
between the normal direction of the layers and the incident lig^L 
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In order to obtain polarization sq)aration, i.e. obtain polarized lig^t for 
illumination of e.g. a LCD, US S»84S,03S shows that the index of refraction ni of tbe second 
layer should match either of the indices of refraction no, ne of the first layer. 

These restrictions mean that, for an illumination system according to prior art 
S to be efficient, i.e. in order to obtain efficient polarization separation at the interface, the light 
entering the system has to be collimated witiiin a certain range, as shown in US patent 
number 3,808,709. Hiis, needless to say, adds to the complexity of the illumination system 
or, if no coUimation is applied, seveie degradation of the efficiency of the system. 

10 SUMMARY OF THE INVENTION 

As will be illustrated in more detail below, it can be shown that, in otder to get 
polarization separation at the interface betv^een the layers there exists a restriction on the 
angle of incidence 0 in that it has to be larger than a critical angle of incidence Oc. Hiis 
implies a restriction on the angle of incidence Gi at the incoupUng facet of the illumination 
IS system as will be illustrated in more detail below. 

An object of the present invention is thus to overcome the problems related to 
prior art systems as discussed above. To this end, an illumination arrangement and display 
system are provided as claimed below. 

An illumination arrangement according to the present invention thus 
20 comprises an optically anisotropic substrate with a top siuf ace and a side face. Hie side face 
receives incoming li^t (L), preferably from an external light source. Along the substrate is a 
top layer located. The top layer has a bottom surface that interfaces the top surface of the 
substrate, for example being in abutment with the surface of the substrate. 

Hie substrate and the top layer have refiiictive indices such that a first 
25 polarization component of light directed into the substrate through said side face will be 
internally reflected back into the substrate at the interface between the substrate and the top 
layer, notwithstanding the incident angle at said side face. 

A second polarization conqxment of light directed into the substrate through 
the side face will be refracted into the top layer at die interface between the substrate and the 
30 top layer, notwithstanding the incident angle at said side face. 

In some more detail, polarization of incoming light is obtained in that a first 
index of refraction of the substrate along a first direction relates to a first index of refraction 
of the top layer along the first direction according to the expression nsi ^ sqrt(l + nti*nti). 
This has the effect that, for values of the first index of refraction of the substrate along the 
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'fiist diicction being hij^er than sqrt(l + nti^), light experiencing these lefiractive indices 
and having any angle of inddrace with respect to the side face of the substrate will be sobject 
to total intenud reflection in the int^ace between the substrate and the top layer and thus not 
readiing the top layer. 

S Huthomore, a wd^ted average value of a second index of refraction of the 

substrate along a second direction and a thiid index of refineu;tion of the substrate along a diiid 
direction, is lower than a weighted average value of a second index of refraction of the top 
lay^ along the second direction and a third mdex of r^raction of the top lay^ along the ttuid 
direction. This has the effect of lig^t experiencing these indices being refracted into the top 
10 lay^, for all angles of inddence with respect to the side face of the substrate, i.e. regardless 
of the angle 0. 

Embodimrats of an illumination arrangement according to the present 
invention include combinations of optically anisotropic substrates with eitlier isotropic or 
anisotropic top hym, 

IS Another aspect of the present invention is diat of a display system comprising 

an illumination arrangement as disclosed above and which also may comprise a lig^t source 
arrange to illuminate the side face (212) of the substrate. A display, such as a flat panel 
LCD is arranged to recdve pdarized li^t emanating from the top layer. In such a case the 
LCD is a separate unit abutting the illuminating arrangement Howev^, it is possible 

20 according to yet another aspect of the inventioi^ to incorporate a display unit, such as a LCD , 
within the top layer, in which case it recdve polarized li^t from the interface between the 
substrate and the top lay». 

An advanta^ with an illumination arrangeroent as disclosed is that it provides 
efSdmt polarization and it may by virtue of that fact be used in portable (tevices, such as 

25 computers, telephones etc. where power consumption is a critical factor. 

Anoth^ advantage of such an arrangement is tiiat it provides polarized lig^t 
for a wide range of angles of inddence for incoming lig^t wfaidi eliminates die need for 
collimating units such as lenses etc. between the source of li^t and the substrate of the 
arrangement This means that display systems may be of low complexity contdmng fewer 

30 parts than systems according to prior art 

These and other aspects of the invention will be apparmt fiiom and eluddated 
with reference to the embodiments desoibed hereinafter. 

BRIEF DESCRIPTION OF THE DRAWINGS 
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Hgiues la and lb shows schematically a side view of an illuoiinaticm 
aixangement illustrating lestiictions of prior art anangements. 

Rguie 2 shows schematically a peispective view of an illumination 
anangement according to the present invention. 

5 Figure 3 shows a diagram illustrating parameters relating to an illumination 
arrangement according to the present invention. 

Figure 4 shows a diagram illustrating paianoeters relating to an illumination 
anangement according to the present invention. 

Figures Sa and 5b shows schematically side views of light paths in a first 
10 embodiment of an illumination arrangement according to the present invention. 

6 Figures 6a and 6b shows schematically side views of light paths in a second 
embodiment of an illumination arrangement according to the present invention. 

Figure 7 shows schematically a perspective view of a display system 
according to the present invention. 

15 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

In order to introduce terminology of the geometry relating to the field of the 
present invention, as well as illustrate restrictions relating to prior art arrangements according 
to the above referred US 5,845,035, Figure la and Figure lb show light L entering an 
20 optically isotropic substrate 101 having an index of refraction ni. On top of the isotropic 
substrate 101 is an anisotropic top layer 102 having indices of refiiaction no and ne in 
respective directions of anisotropy. 

A drawback relating to prior art, as disclosed by US 5,845,035 is that the 
polarization separation only worics under limited conditions and for limited angles of 
25 incidence 0: either no or iie should match ni in order for polarization separation to occur at the 
interface 103 between the isotropic substrate 101 and the top layer 102, TbM is: 
1. no < ne, no ni 

Incoupling in the anisotropic layer 

8in(9) > sin(9c) = m / ne 
30 2. no < nc, n© = ni 

Incoupling in the isotropic layer 

sin(8) > sin(Gc) = no / ne 
where 6 is the angle of incidence on the interface 103 and 6c is the critical angle. 
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Hence, in ocdet to gpt polarization separation it is necessary to restrict the 
angles of incidmce on the interface 103 to be lar^ than the critical angle Qe. Hus has to be 
done by lestricting the angle of inddraoe Qi at the incoupling side face 104. That is, the li^t 
L entering die substrate must be collimated widiin a certain angular ran^ for die polarization 
S separation to occur efficiendy. This implies an added complexity of an iUimiination systw 
and also possible loss of efficiency. If no coUimation is used, die efSciency of the polariza- 
tion separation degrades substantially. 

Turning now to Hgure 2, a solution to problems relating to prior art 
illumination systems will be presented. A device according to die invmtion conqirises a 
10 substrate 201 and a top lay^ 202. The substrate 201 is preferably optically anisotropic and 
the top layer is eittier optically isotropic or anisotropic, as will be exemplified below. 

li^t L is coupled into die substrate 201 having indices of refraction iku 
and nc3, vfbm index l,2,and 3 refers to die duections xl,x2 and x3 respectively as indicated 
in Hgure 2. Ilie top layer 202 is optically characterized, in die gemal case, by indices of 
IS refraction nu , n^ and 1113. Li a case of an isotropic top layer, die indices would relate as 
nti=ni2=ni3« As wiU be discussed below, by a suitable choice of indices of r^taction, die 
restrictions on the coUimation of the incoming lig^t L can be reduced or evm eliminated. 

One polarization compon^t of the light L, for example component S, 
encounters die mdices of refraction tm in die substrate 201 and nu in die top layer 202. If Ugi 
20 > Uti, dien S polarized lig^t is not coiq>led into die top layer 202, provided die angle of 
incidence 6 is larger dian die critical angle Oe, defined as: 
6c = arcsin(nti / iisi) (1) 

The orthogonal polarization P encounters a weigjhted average of the mdices of 
refraction n«2 and ni3 in die substrate 201 and of tii2 and nt3 in die top layer 202. ff 
2S average index m die substrate 201 is smaller than the av^e index in die top layer 202, dien 
P polarized Ught is refi:acted uito die top layer 202 for all angles of incidence 6. 

The incoupling angle Oi^ at the incoupling surface 213, i.e. air to substrate 
201, is defined widi respect to die normal of die surface 212 and related to die critical angle 
Ocas: 

30 = arcsin(n,i ♦ cos(dc)) (2) 

Hie incoupling angle is the maximum incoupling angle for which Total 
Internal Rrflection (JJR) will occur at die substrate to top layer interface 214. fecoupled light 
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should be coUimated within the ning^ -f6^max to -ft m^ for full polarization separation to 
occur using a stnictuie as shown in Figure 2. 

Figure 3 shows an exanople of 6c and Ognu as a function of Usi f or a chosen 
value on nti of 1.S4. For increasmg n^i an increasing angular range can be coupled in and be 
5 totally intonally reflected at the interface 214. No coUimation is required when light of all 
incoupled angfles at tiie incoupling surface 212 will be totally internally r^ected at die 
substrate to top layer interface 214. It can be calculated from equation (2) that diis condition 
depends on the combination of die reficactive indices of the substrate 201 and the top layer 
202 as: 

10 nsi = sqrtC 1 + Uti ♦ na ) (3) 

This condition is dqiicted in the diagram of Hgure 4. For Usi-values high^ 
than the condition according to equation (3) S-polarized light of all incoupling angles will be 
total intmally reflected at die interface 214, whereas for low^ nsi-values li^t of only a 
specific incoupling angular range will be total int^nally reflected at the mterfaoe 214 and 

IS coUimation should in such a case be used. 

Such high Usi-values are in practice difficult to achieve for optically isotropic 
substrates but more easily achieved usuig anisotropic substrates in which generally n« can be 
veiy laige» as will be seen in the examples below. 

Outcoupling of polaiized light can be obtained ddier inside die top layer 202 

20 (or inside any subsequent top layer in the case tfiere is a multiple stack of top layers) or at the 
surface 215 of the top layer 202 (or inside any subsequent top layer in the case there is a 
multiple stack of top layers). 

For outcoupling inside the top layer 202 either anisotropic or isotropic 
scattering of die emitted polarized light can be used, im>vided diat depolarization in die 

25 scattering process can be neglected 

For outcoupling at die surface 215 of the top layer 202 any microstructure, e.g. 
embossed or laser written relief stmctures, lens arrays, refractive index fluctuations or surface 
roughness can be utilized. However, again, die outcoupling process should be such that 
depolarization is not signilficant 

30 A first example of the processes described above will now be illustrated with 

reference to figures 5a and 5b. The substrate 501 is, e.g., a stretched PEN fihn, which is 
stretched in the xi-direction, having the indices of refraction n8i=1.86 and ns2=n83=1.56. The 
top layer 502 is, e.g., a stretched FET-film, which is stretched in die x2-direction, having die 
indices of refraction nu=nt3=:1.54 and ni2=1.67. 
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In Figuie Sa a cross section of an illumination atrangemmt is shown. li^t L 
having polarization 1 encounters the refractive indices nsi and na for incoupMng angles in the 
substrate SOI 6i^s 10^(dashed line) and 80° (solid line) respectively. is d^ed as the 
angle of the incoupled li^t into the substrate 501 with respect to the nonnal N of die 
S entrance plane. 

In figure 5b a cross section is shown for li^t L having polarization 2 whidi 
racountm the refractive indices ng2>ns3 and nt2«ni3 for similar incoupling angles in the 
substrate 501. 

As can be observed from the examples in Hgures 5a and 5b, only polarization 
10 2 will enter the top layer 502 where it can be coupled out by means of a suitable anangement 
as is known in die axt. The critical angle for diis configuration is defined by 
6e=aIcsin(ntl/ngO==55.9^ Recalculating the condition for TIR at die int^ace between 
substrate 501 and top layer 502 to incoupling angles in die substrate 501 results m full 
polarization separation at the interface for all incoupled light angles (6i^ = 0** to 90'*X diat is 
15 no collimation of incoiq>led light is needed 

A second exanq>le of the processes described above will now be illustrated 
widi refoence to figures 6a and 6b. The substrate 601 is, e.g., a stretched FEN film, wUdi is 
stretched in die xl-direction, having die mdices of refraction nsi=:1.86 and n«2=n^=1.56. Hie 
top layer 602 is, e.g., an isotropic PC-fihn having die indices of refraction nti=nt2=nt3=1.57. 
20 Li Figure 6a a cross section of an illumination axrangemCTt is shown. Light L 

having polarization 1 encounters the refractive indices nsi and na for incoupUng angles in the 
substrate 501 Oi^^: 10^(dashed line) and 80° (solid line) respectively. Bi^ is defined as the 
angle of the incoupled light into die substrate 601 widi respect to die nonnal N of die 
entrance plane. 

25 Jn figure 6b a cross section is shown for lig^t L having polarization 2 whidi 

encounters the refractive indices ns2,n«3 and ni2*ni3 for similar incoupling angles in die 
substrate 601. 

Again, as can be observed from the examples in Figures 6a and 6b, only 
polarization 2 will enter the top lay^ 502 where it can be coiq)led out by means of a suitable 
30 arrang^nent as is laiown in die art. The critical angle for diis configuration is defined by 
6,Farcsin(ntiAi8i)s=57.57*'. Recalculating die condition for TIR at the interfoce between 
substrate 601 and top layer 602 to incoupling angles in the substrate 601 results in fidl 
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polarization scparadon at the int^ace for all incoupled light angles smaUer dian = 85.8^ 
that is in practice for virtually all incoupled ligjiit no collimation is needed 

Hguies 7a and 7b illustrate achmiatically backlit LCD-«ystaDS according to 
the present invention. LCD-units 703 and 707 conqnise liquid crystals 704 and 708 
5 respectively, that requires polarized light, originating from a U^t source 705, in order to 
function pcoperiy, as is known in the art 

In the arrangement shown in Hguie 7a, the LCD unit 703 is a separate unit 
located on top of a top layer 702 and a substrate 70L Hie substrate 701 and the top layer 702 
is preferably arranged as has been discussed above in connection with figures 1-6. 
10 Outcoupling of polarized light into the LCD unit 703 firom the top layer 702 is performed as 
discussed above, e.g. by means of relief structures. 

In the arrangement shown in Hgure 7b, the LCD unit is a unit which is 
integrated as a top layer 707 which is located on a substrate 701. The substrate 701 and the 
LCD/top layer 707 are preferably arranged as has been discussed above in connection with 
15 figures 1-6. Outcoupling of polarized lig^ into tiie LCD unit/top layer 707 is performed as 
discussed above, e.g. by way of seating. 
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CLAIMS: 



1. An illumination arrangemCTt comprising 

an optically anisotropic substrate (201) having a top surface (211) and a side 
face (212), the side face being arranged to receive incoming light (L), and 

a top layer (202) having a bottom surface (213) which interfaces (214) said top 
S surface (211) of the substrate (201), characterizedin that 

said substrate and said top layer have refractive indices such that a first 
polarization component of light directed into tiie substrate through said side face will be 
internally reflected back into the substrate at the interface between said substrate and said top 
layer, while 

10 a second polarization component of U^t directed into the substrate through 

said side face will be refracted into die top layer at the interface between said substrate and 
said top layer. 

2. Hie illumination arrangement according to claim 1, wherein: 

IS a first index of refraction, iisi, in the substrate along a first direction (xl) 

relates to a first index of refraction, nti, of the top layer (202) along the first direction (xl), 
according to the expression 
n»i ^ sqit(l + nrt*nti), and 

a weighted average value of a second index of refraction (uga) of the substrate 

20 (201) along a second (x2) direction and a third index of refraction (ns3) of the substrate (201) 
along a third (x3) direction, is lower than or equal to a weighted average value of a second 
index of refi*action (no) of the top layer (202) along the second (x2) direction and a third 
index of refraction (jxa) of the top layer (202) along the third (x3) direction. 

25 3. The illumination arrangement according to claim 2, wherein the top layer 

(202) is optically isotropic. 

4. The illumination arrangement according to claim 2, wherein the top layer 

(202) is optically anisotropic. 
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5. A display system compnsmg 

an iUumination anangement aocoi^ 

a light source (70S) arranged to diiect light towanb the side face (2 12) of the 
5 substrate (201), and 

a display (703) ananged to lecdve polarized lig^t emanating from the top 

layer (202). 

6. A display system comprising 

10 an illumination arrangement according to any one of the claims 1 to 4, 

a lig^t source (70S) arranged to diiect ligiht towards the side face (212) of the 

substrate (201), and 

a display comprised in the top layer (707) and arranged to receive polarized 

li^t ftom the interface (709) betwem the substrate (701) and the top layer (707)« 

IS 

7. A method of illuminating a display, comprising the steps of: 

directing non-polaiized light mto an optically anisotropic substrate through a 
side face thereof, 

providing said substrate with an optical top layer, 
20 choosing the refractive indices of said substrate and said top layer in such a 

way that a first polarization component of said non-polarized light, when inq)inging on the 
interface between said substrate and said top layer, is internally reflected back into the 
substrate, and a second polarization con^>onent of said non-polarized li^t, when impinging 
on said interface, is refracted into the top layer, and 
2S extracting li£^t from said top layer for the illumination of the display. 

8. The method according to claim 7, wherein the refractive indices of the 
substrate and the top layer are chosen such that the first polarization component experiences 
one refiactive index in the substrate, Uji, and another reficactive index in the top layer, na, the 

30 refractive indices being related according to the expression Usi ^ sqrt(l + nu* nn), and the 
second polarization component experiences a lower or equal refractive index in the substrate 
than in the top layer. 
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FIG. 4 
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